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We propose an ansatz for OPE coefficients in chaotic conformal field theories which generalizes the
Eigenstate Thermalization Hypothesis and describes any OPE coefficient involving heavy operators
as a random variable with a Gaussian distribution. In two dimensions this ansatz enables us to
compute higher moments of the OPE coefficients and analyse two and four-point functions of OPE
coefficients, which we relate to genus-2 partition functions and their squares. We compare the results
of our ansatz to solutions of Einstein gravity in AdS3, including a Euclidean wormhole that connects
two genus-2 surfaces. Our ansatz reproduces the non-perturbative correction of the wormhole, giving
it a physical interpretation in terms of OPE statistics. We propose that calculations performed
within the semi-classical low-energy gravitational theory are only sensitive to the random nature of
OPE coefficients, which explains the apparent lack of factorization in products of partition functions.
INTRODUCTION
Chaotic quantum many-body systems exhibit perhaps
the strongest form of universality in physical systems,
going from the random nature of the spectrum statistics
(see e.g. [1, 2]) to the fact that typical states thermalize
(see [3, 4] for reviews). A quantitative formulation of
this statement is known as the Eigenstate Thermalization
Hypothesis (ETH) [5, 6]
〈Ei|Oα|Ej〉 = δijfa(E¯) + e−S(E¯)/2ga(E¯, δE)Rij , (1)
where Oα is a simple (few-body) operator and f and g
are smooth functions of the average energy E¯ and energy
difference δE. These functions encode the microcanoni-
cal expectation value of the one and two-point functions
of O, respectively. The matrix Rij is a matrix of in-
dependent and identically distributed random variables
with unit variance.
The intuition behind ETH is that simple operators can-
not distinguish between energy eigenstates and that up to
exponentially suppressed corrections in the entropy, their
expectation values are given by a diagonal matrix made of
the microcanonical expectation value. ETH gives a sta-
tistical interpretation to this correction as coming from a
random matrix Rij . In a definite quantum system with
a fixed Hamiltonian, the numbers Rij will have definite
values but one can nonetheless treat them as Gaussian
random variables to good approximation.
In this letter, we will investigate a generalization of
the ETH to very particular quantum systems: conformal
field theories. Conformal field theories are characterized
by two pieces of dynamical data: the spectrum of lo-
cal operators (which are in one to one correspondence
with the energy eigenstates Ei) and the OPE coefficients
CO1O2O3 which dictate the fusion rules for these oper-
ators. It is important to distinguish two types of local
operators: those which are very heavy and correspond to
high energy states that we will denote by roman indices
Oi, and those which are light which will be labeled by
greek letters Oα. The light operators should be viewed
as simple and in conformal field theory, ETH is a state-
ment about the OPE coefficients Cijα [7].
There are other observables in conformal field the-
ories that do not look like expectation values in defi-
nite states. An example which will be relevant for this
work are higher-genus partition functions (or local cor-
relation functions on higher genus surfaces). A higher
genus observable will typically involve OPE coefficients
Cijk where all three operators are heavy, which falls out-
side the regime of validity of the ETH. In this letter we
propose a generalization of ETH for conformal field the-
ories that captures the statistics of such observables. We
propose the following ansatz
OPE Randomness Hypothesis:
Cijk, Cijα, Ciαβ are random variables with (to leading
approximation) a Gaussian distribution
Given this ansatz, we can compute any observable
O which is constructed from OPE coefficients. For
Oijα = Cijα, this is nothing else than the ETH. How-
ever, our ansatz generalizes to arbitrary combinations of
the C which can be used to build other observables. Note
that an extension to ETH in CFT2 has already been ad-
vocated for in [8], on the merits of asymptotic formulae
for the averaged values of OPE coefficients, which relate
to the variance of OPE coefficients. Our ansatz formal-
izes this statement,
The motivation of our proposal comes from the fact
that high energy eigenstates cannot be easily distin-
guished. For expectation values of light operators, this
is the driving force behind the ETH which states that
energy eigenstates behave like thermal states to great
approximation. Our proposal is that this feature extends
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2beyond such observables, and that the fusion of three
high-energy operators (or 2 light and one high-energy)
must be a random variable as well. Note that unlike
Cijα which has a diagonal non-random piece, there is no
such contribution for Ciαβ or Cijk.
In this letter, we will be interested in studying higher-
point correlation functions of OPE coefficients. In gen-
eral, we expect the consistency of the CFT to typically
require the introduction of small non-Gaussianities, as
we will discuss.1 The primary object of study will be the
four-point statistics of heavy OPE coefficients
Oijklmnopqrst ≡ CijkC¯lmnCopqC¯rst , (2)
which we will calculate following our ansatz.
Our analysis is also closely related to the proposal
of [12], which studies the statistics of typical states ob-
tained from Haar averaging over the micro-canonical en-
ergy window. While the spirit of their proposal is sim-
ilar to ours, we propose an ansatz for the statistics of
OPE coefficients which are more directly related to en-
ergy eigenstates, so we will not need to perform Haar av-
erages. Moreover, the ansatz for OPE coefficient enables
the computation of other observables than expectation
values of light operators in heavy states. It would be
nevertheless interesting to understand the Haar-average
properties of OPE coefficients with only heavy operators.
Gravity is a theory of random variables
In this letter, we will mostly focus on holographic
CFTs, namely maximally chaotic CFTs with a large
number of degrees of freedom, such that the theories can
be alternatively described by quantum gravity in asymp-
totically Anti-de Sitter space, following the AdS/CFT
correspondence [13]. The second aspect of our proposal,
is that gravitational computations using semi-classical
Einstein gravity are incapable of resolving the individ-
ual eigenstates, and therefore treat quantities like Cijk
as a random variable Rijk with a Gaussian distribution
(plus small corrections). In doing so, gravity makes an
approximation, it makes a small error. We will show that
this error explains puzzles related to the lack of factor-
ization between partition functions in the AdS/CFT cor-
respondence as put forward in [14] and recently revisited
in [15].
1 Note that this is in fact already necessary in the ETH. As stated
in (1), the ansatz guarantees that the one and two-point func-
tions of O satisfy ETH. But the nature of the operator algebra,
or said differently higher-point correlation functions of light op-
erators must also satisfy ETH, which necessarily requires non-
gaussianities. For example, they are crucial to correctly capture
OTOCs in energy eigenstates [9–11]. Schematically, they take
the form RαijR
β
kl = δ
α,βδi,kδj,l + h(∆)C
αβ
γ R
γ
ikδj,l + ...
In particular, we will propose an interpretation of the
genus-2 Euclidean wormhole represented in Fig. 2 as a
contribution that gravity picks up due to the random
statistics of four OPE coefficients used to compute the
square of a genus-2 partition function. This provides a
statistical interpretation of the genus-2 wormhole.
Our proposal states that gravity can never distinguish
the microscopic structure of OPE coefficients, and can
at best compute a few smooth functions of the mean en-
ergy and energy differences related to variances or higher
moments of the random variables.
Finally, we would like to comment on theories which
require disorder averaging such as the SYK model or
the dual of JT gravity, as well as their connections to
Euclidean wormholes (see for example [16]). A disor-
der average introduces correlations between multiple dis-
connected copies of the quantum system, so Euclidean
wormholes are no longer a puzzle in that circumstance.
We believe it can be understood directly from our ansatz:
while our ansatz should be viewed as a statistical approx-
imation to the observables, it can become exact once the
Hamiltonian is disorder-averaged. In such a setup, the
product of two partition functions will then not factorize.
The question of which averaging would need to be done
in N = 4 SYM or the D1D5 CFT at strong coupling,
in order to exactly randomize the OPE coefficients fol-
lowing our ansatz is a profound and interesting question
that goes beyond the scope of this work. Nevertheless,
we want to emphasize that the mechanism for this to
happen can be logically embedded in our proposal.
STATISTICS OF OPE COEFFICIENTS
We will now study the square of OPE coefficients. For
simplicity, we will focus on the case where all three op-
erators have approximately the same energy such that
∆i,j,k  |∆i − ∆j | etc. Our ansatz for such a quantity
yields
CijkC¯lmn = f(∆)Sym(ijk),(lmn)[δi,lδj,mδk,n] (3)
+
√
g(∆, δ∆)Sijklmn ,
where we have introduced S, a tensor with the appropri-
ate symmetry properties between its indices. From the
point of view of the random variables Rijk, S is a non-
gaussianity which parametrizes possible corrections. The
detailed structure of S is currently unknown to us, but
when we average over the energy band we must have
Sijklmn = 0 , (4)
which gives
CijkC∗lmn = f(∆)Sym(ijk),(lmn)[δi,lδj,mδk,n] . (5)
The function f(∆) can be determined in the limit of
asymptotically large energy for the operators i, j, k by
3computing a genus-2 partition function and using modu-
lar invariance [8, 17]
f(∆) ≈
(
27
16
)3∆
e−3pi
√
c
3 ∆ , (6)
where we have neglected some power-law corrections
which will not be relevant for this work. We now turn to
the variance of the square of OPE coefficients.
Four OPE coefficients and the variance of CijkC¯ijk.
Let us now compute the variance of the square of the
OPE coefficients. Our ansatz gives
CijkC¯lmnCopqC¯rst = f
2(∆)Sym[δi,lδj,mδk,nδo,rδp,sδqt]
+ f(∆)
√
g(∆)Sym[δi,lδj,mδk,nSopqrst]
+ g(∆)Sym[SijklmnS
∗
opqrst]
+
√
h(∆, δ∆)Tijklmnopqrst , (7)
where the symmetrization is between indices
(ijk), (lmn), (opq), (rst) but also between pairs of
three indices. T is yet another tensor introduced to
keep track of further non-gaussianities, but it will not
play any role since it must average to zero. We can now
consider the average over the energy band. We find
CijkC¯lmnCopqC¯rst = f
2(∆)Sym[δi,lδj,mδk,nδo,rδp,sδqt]
+g(∆, δ∆)Sym[SijklmnS∗opqrst] (8)
The first term in fact contains two contribution that
will be of interest to us. These are
f2(∆)(δi,lδj,mδk,nδo,rδp,sδqt + δi,rδj,sδk,tδl,rδm,sδnt) (9)
corresponding to the two different Wick contractions of
the four OPE coefficients (there is also a contraction
CC− C¯C¯ which is of the same form as the second term).
The appearance of these two terms has striking conse-
quences, as it prohibits the factorization of genus-2 par-
tition functions, as we will see in the following section.
GENUS-2 PARTITION FUNCTION FROM THE
CFT
The main object of interest for this paper is the genus-
2 partition function. A genus two-partition function is
computed by a triple sum over states weighted by OPE
coefficients
Zg=2 =
∑
i,j,k
CijkC¯ijkq
∆i
1 q
∆j
2 q
∆k
3 , (10)
where qa = e
2piiτa and τa are the moduli of the genus-2
surface parametrizing the length of three cycles, which
can be thought of as three inverse ”temperatures”. We
will be interested in a particular slice of the moduli space
where all three parameters are equal, namely
τ1 = τ2 = τ3 =
iβ
2pi
, (11)
and we will study the ”high-temperature” behaviour of
the partition function, namely the limit β → 0. To eval-
uate the partition function, we need the high-energy be-
haviour of the OPE coefficients. This is precisely the
function f(∆) given in (6). From [8, 17], we have
CijkC¯ijk
ρ(∆)3
= f(∆) ≈
(
27
16
)3∆
e−3pi
√
c
3 ∆ , (12)
where we have taken the three-energies to be the same
and we wrote the large c version of the equation. This
equation is valid for Virasoro-primary operators. To com-
pute the partition function, we also need to sum over de-
scendants. This can be achieved by the means of adding
a genus-2 block F to the partition function, whose con-
tribution gives F ≈ ( 2716)−3∆. We thus have
Zg=2 =
∑
∆
e3pi
√
c
3 ∆e−3β∆ . (13)
This expression can be evaluate by saddle-point, whose
saddle reads
∆∗ =
c
12
pi2
β2
, (14)
and we obtain
Zg=2 ≈ e c4 pi
2
β . (15)
Square of the partition function
We are now interested in computing the square of the
partition function. Obviously, in a definite CFT the an-
swer must simply be the square of (15), so any micro-
scopic calculation would produce
Zmicroscopicg=2×g=2 ≈ e
c
2
pi2
β . (16)
However, this is not the outcome of the calculation fol-
lowing our ansatz for randomness. The issue is the second
contribution in (9). The first contribution gives indeed
Zmicroscopicg=2×g=2 , but there is a correction, given by∑
∆
e6pi
√
c
3 ∆e−3S(∆)e−6β∆ , (17)
where the factor of e−3S(∆) arises because of the nature
of the index contractions for the second term. Using
the Cardy formula [18], we find that there is no growing
4exponential and we simply have
∑
∆ e
−3β∆, which has
no saddle-point and gives an O(1) answer. We thus find
Zansatzg=2×g=2 ≈ e
c
2
pi2
β +O(1) . (18)
We will see in the following section that gravity repro-
duces the form of this answer, and the O(1) contribution
is attributed to a Euclidean wormhole.
It is worth emphasizing two points. This extra piece
would prevent factorization of the square of partition
functions had we picked different moduli for the two
genus-2 surfaces: this is problematic, in that it does not
agree with a microscopic calculation where the square
of the partition function manifestly factorizes. This will
have a direct resonance with the gravitational computa-
tion.
So far, we have not taken into account the contribution
of the non-gaussianity S in (8). We currently do not have
a concrete proposal for how to capture this contribution,
or for the precise structure of the tensor S. It is possible
that it is itself a tensor of iid random variables, or it could
have further substructure. We will see that it does not
seem to contribute to the gravitational answer, so could
be further exponentially suppressed. One way to poten-
tially understand its properties is by the study a genus-3
partition function, which also involves four OPE coeffi-
cients. This is in spirit with ETH, the non-gaussianities
are captured by consistency of the higher-point correla-
tion functions, which for only heavy operators naturally
maps to higher-genus surfaces. We hope to return to this
question in the future.
GENUS-2 PARTITION FUNCTION IN ADS3
GRAVITY
We have proposed certain statistical properties (3) of
OPE coefficients in chaotic CFTs, and moreover that
the dual gravitational description can only capture the
random-matrix nature of the OPE coefficients. In this
section, we provide some evidence for these proposal by
direct calculations in AdS3/CFT2.
We will study three-dimensional gravity with a nega-
tive cosmological constant, whose action is given by
Sgrav = − 1
16piGN
∫
dx
√
g
(
R+
2
`2
)
, (19)
where the AdS radius ` in Planck units is related to the
central charge of the dual CFT [19]
c =
3`
2GN
. (20)
The object we want to compute in gravity is a genus-2
partition function (10) (and the square thereof). By the
standard AdS/CFT dictionary, the general prescription
to compute such quantities is to find a solution to the
gravitational equations of motion with the appropriate
boundary conditions, in this case one (or two) genus-2
surfaces and evaluate
Zg=2 ≈ e−S
on−shell
E (21)
where Son−shellE is the (regularized) Euclidean action of
the bulk solution.
The simplest solutions in gravity are called handlebody
solutions, which are quotiens of Euclidean AdS3 corre-
sponding to fillings of the genus-2 surface [20]. This is
illustrated in Fig. 1. There are always multiple han-
dlebodies for a given genus-2 surface, given by choices
of cycles that are made contractible in the bulk. This
is the generalization of thermal AdS and the BTZ black
hole to genus-2 boundaries. Evaluating the action of the
handlebody geometries is a complicated task, which boils
down to the evaluation of a Liouville action [21]. General
results can only be obtained numerically, but in certain
limits there are analytic expressions.
FIG. 1. A genus-2 surface with 3 cycles highlighted. One
handlebody solution corresponds to a solid filing of the genus-
2 surface such that the three red cycles are made contractible
in the bulk.
For a constant curvature metric on the genus-2 surface
and in the limit where the three moduli (taken to be
equal) degenerate β˜i = 2piτ˜i → 0, it can be shown [21]
that2
Shon-shell = −
c
2
pi2
β˜
, (22)
If we wish to compute the partition function for multiple
disconnected CFTs, we can simply fill each CFT with a
handlebody geometry. For example, we will be interested
in computing the partition function for two identical but
disconnected genus-2 surfaces. In this case, the spacetime
is disconnected and the action of the two handlebodies
add. We thus obtain
Zhg=2×g=2 ≈ ec
pi2
β˜ . (23)
2 We write β˜ for the modulus because the CFT answer (15) was
not written for the constant curvature metric and we must be
careful in comparing moduli. We will do so shortly.
5For multiple disconnected boundaries, there are also non-
handlebody solutions that connect the asymptotic bound-
aries through the bulk. The simplest and perhaps most
famous example is the genus-2 wormhole [14], whose met-
ric is given by
ds2 = `2AdS(dτ
2 + cosh2 τdΣ2g) , (24)
where dΣ2g is the constant curvature metric on a genus-2
surface. This wormhole is represented in Fig. 2. There
exist other more complicated wormholes connecting two
genus-2 surfaces with different moduli that we will not
discuss here, but would be relevant for the statistics of
OPE coefficients when the operators do not have the
same mean energy.
FIG. 2. The euclidean wormhole (24) connecting through the
bulk two genus-2 surfaces that were originally disconnected.
The action for the symmetric wormhole is particularly
easy to compute for any choice of moduli for the genus-2
surface, given the factorized form of the metric. The ac-
tion is simply a constant, which can be chosen to be zero
within a certain regularization scheme for the conformal
anomaly [21] and we will follow this convention. We will
shortly consider ratios of partition functions where this
constant is anyway meaningless. Now consider the fol-
lowing quantity:
Zg=2×g=2
(Zg=2)2
. (25)
The numerator can be computed given the two saddle-
point solutions we have described, namely the two discon-
nected handlebodies and the euclidean wormhole. The
denominator is the square of the handlebody answer. In
total we have
Zg=2×g=2
(Zg=2)2
≈ e
cpi
2
β˜ + 1
e
cpi
2
β˜
= 1 + e
−cpi2
β˜ . (26)
To compare to the CFT calculation, we must be careful
to compare the moduli in the appropriate fashion. The
CFT computation (10) was performed with a different
choice of metric for the genus-2 surface, corresponding
to a branched-cover of the plane, rather than a constant
curvature metric. The parameters labelling the size of
the cycles are not equal, and we have β˜ = 2β. Taking
this into account, our gravitational contribution precisely
matches the square of the genus-2 partition function com-
puted in (18) thanks to our ansatz of randomness for the
OPE coefficients.
Finally, we can rewrite this expression in terms of the
saddle-point energy corresponding to β (14). We find
Zg=2×g=2
(Zg=2)2
≈ 1 + e−3pi
√
c
3 ∆ . (27)
We now use the Cardy formula to give the answer in
terms of the entropy, and we find
Zg=2×g=2
(Zg=2)2
≈ 1 + e− 32S(∆) . (28)
Note that the canonical and microcanonical variance
differ, as the microcanonical variance would give a sup-
pression of e−3S .
Other OPE channels and handlebodies
A striking feature of the conjecture for the statistics of
OPE coefficients is that one can perform different con-
tractions of the indices given the ansatz. We will now
argue that this is in fact natural from the bulk perspec-
tive, and corresponds to other handlebody geometries.
The OPE channel can be directly connected to the cy-
cles that are made contractible in the bulk. For example,
a handlebody as in Fig. (3) corresponds to different bulk
cycles made contractible.
FIG. 3. A handlebody where the three blue cycles are made
contractible in the bulk. This saddle is equivalent to decom-
posing the genus two partition function such that the three
blue cycles are cut open. This yields a sum over OPE coef-
ficients
∑
i,j,k CiijCjkk, corresponding to a product of torus
one-point functions.
We thus see that some of the other handlebody solu-
tions are naturally encoded in the OPE ansatz. Note
6that for a given choice of a moduli, there will always
be one dominant saddle, and thus the subleading sad-
dles will be exponentially suppressed. This can be seen
already in the microcanonical average over OPE coeffi-
cients (3) where different index combinations are expo-
nentially suppressed in the entropy, once contracted to
compute the genus-2 partition function.
DISCUSSION
In this letter, we have proposed an ansatz for the statis-
tics of OPE coefficients in chaotic conformal field theo-
ries, identifying OPE coefficients of heavy operators as
random variables. For large c maximally chaotic theo-
ries, we compared our ansatz to calculations in gravity
and showed that the first correction due to contractions
of the random variables reproduces the contribution of a
Euclidean wormhole connecting two boundary CFTs. We
argued that gravitational computations using the low-
energy effective theory only captures the random nature
of OPE coefficients, which explains the lack of factoriza-
tion. We will now discuss several open questions.
Beyond the single large energy limit
In this paper, we have focused our attention on the sim-
plest possible kinematic regime: the case where all three
operators of the OPE coefficient have the same (mean)
energy which is taken to be parametrically large. One
can also work out the details of the cases where all three
energies are taken to be distinct (but all large). From
the bulk, one would expect to get a connected compo-
nent suppressed by e−
S(∆1)+S(∆2)+S(∆3)
2 , which again is in
agreement with our ansatz.
A more subtle question to ask is the fate of our ansatz
outside of the Cardy regime. The main challenge is that
unlike the torus partition function, the genus-2 partition
functions are no longer universal at large c outside of
the Cardy limit [22]. From the bulk point of view, the
handlebody geometries may no longer be the dominant
saddle-point and solutions with a condensed scalar field
can dominate [23]. It would be interesting to understand
whether a connected wormhole with a condensed scalar
field exists or not.
Finally, note there exists Euclidean wormholes with
two genus-2 surfaces of different moduli. It would be
interesting to try to probe the nature of the correlation
between different energies in the OPE coefficient thanks
to an analytical or numerical analysis of the asymmetric
wormholes.
Higher dimensions
It would also be interesting to understand the extent to
which our ansatz holds in higher dimensions. We believe
that the structure of the OPE statistics is not vastly dif-
ferent, but perhaps the functions that enter in the ansatz
are less universal than in d = 2. For example, even the
coefficient in the thermal entropy of CFTs on S1×Sd−1 is
not universal, unlike the Cardy formula where it is given
by the central charge due to modular invariance. Simi-
larly, there is no formula for the asymptotics of OPE co-
efficients of three heavy operators in d > 2 because there
is no obvious counterpart of a genus-2 surface, i.e. a well-
behaved geometry whose partition function probes OPE
coefficients with three heavy operators (other asymptotic
formulas for OPE coefficients with one or 2 heavy states
do exist though [24, 25]).
From the bulk point of view, there exists Euclidean
wormholes in higher dimension, but the question of
their stability is much more subtle (see for example
[14]). In the simplest case, they are related to CFTs
on S1 × Hd−1/Γ where Γ is a discrete subgroup of hy-
perbolic space. Since the spatial geometry has a negative
curvature, the conformal coupling of the CFT fields can
induce instabilities. Even if such wormholes were stable
and thus valid saddle-points to the gravitational path-
integral, it is not clear how to connect them to the local
data of the theory. If anything, states on other topolo-
gies than the sphere are more likely to be connected to
properties of non-local operators [26].
Chaotic versus integrable theories
The results we obtained were for large c maximally
chaotic CFTs dual to Einstein gravity in AdS3. It is
worth emphasizing that the Euclidean wormhole (24) is
locally AdS and therefore is expected to be an α′-exact
solution to string theory. For example, one would expect
it to be a valid saddle-point for the description of the
D1D5 CFT at the orbifold point, where the theory is
integrable. It would thus be tempting to write the answer
(28) also for an integrable theory. How is this consistent
with ETH which only holds in chaotic theories?
We are certainly not claiming that our ansatz for ran-
domness is true in an integrable theory. In such a case,
we expect there to be large deviations from the ansatz
due to the many selection rules imposed by the infinite
tower of conserved currents. Nevertheless, the genus-2
partition function only computes averages over the coef-
ficients. It is thus possible that while the ansatz is not
true for individual operators at the integrable point, it is
still true on average. It would be interesting to under-
stand this better. Finally, we would like to emphasize
that our intuition for the connected contribution relies
crucially on large c, where gravity is semi-classical. The
7evidence we have presented for our conjecture based on
the Euclidean wormhole is only trustworthy at large cen-
tral charge. It would of course be very interesting to
understand the statistics of individual OPE coefficients
for chaotic CFTs of small central charge. Unfortunately,
only few theories of this type are known explicitly and it
is not clear how to implement such a check, even numer-
ically. Perhaps tensor networks of the like of MERA [27]
would be able to probe some of these questions.
Torus correlation functions and spectral form factor
Note that our ansatz also predicts the existence of
a connected contribution for torus one-point functions
given by the statistics of
CiiαC¯jjα = (f
α)2(∆) + gαδi,j . (29)
Similar observations related to connected contribution
have been made in JT gravity [28]. Unfortunately, no
wormhole solution of AdS3 gravity exists with torus
boundaries, leaving the explanation of this contribution
as a puzzle.
We see several possible outcomes: first, there could in
principal be wormhole solutions sourced by the quantum
expectation value of the stress-tensor in the presence of
a scalar source at the boundary. While these would be
hard to construct, there existence is a logical possibility,
even though matter that can support wormholes must
have some form of exoticism and the stability of such
solutions is typically an issue (see for example [29] for
a review). Second, it is possible that while no on-shell
solution connects the two-boundaries, the correlation is
still produced in the gravitational path integral by field
configurations that connect the two boundaries, which
certainly exist. A related investigation will be carried
out in [30].
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